Land gastropods have become important economic pests attacking various vegetation in Egypt. This study aimed to determine the molluscicidal activity of the monoterpenoids compound, Thymol and three pesticides (Neomyl, Kafrothrin and Round up) against adult's survival and egg hatchability of the glassy clover snail Monacha cartusiana under laboratory and field conditions. Poisonous baits technique gave better results than did leaf dipping technique. The obtained results indicated that Neomyl was the most effective one followed by Thymol and Kafrothrin then Round up which had the lowest affect against the adult of M. cartusiana with LC50 0.79, 1.78, 3.62 and 0.49 ppm respectively. Also, Neomyl was the most effective one on the incubation period of eggs of M. cartusiana (25 days in average) followed by Thymol (23.5 days in average), Kafrothrin (23 days in average) and Round up (22 days in average). Similar trend was noticed with mean egg hatchability with values of 1.0, 1.8, 3.0 and 4.4, respectively. In field experiment represented using poisonous baits of such compounds Neomyl (72.61%) gave the highest reduction percentage in Egyptian clover fields naturally infested with M. cartusiana followed by Thymol (55.82%) and Kafrothrin (50.03%) then Round up (17.20%). The obtained results proved that the use of Thymol in controlling harmful land snail would achieve effectiveness comparable to synthetic molluscicides.
INTRODUCTION
Terrestrial molluscs are considered a significant threat to sustainable agriculture in many parts of the world (Barker, 2002) . They are major pests of a wide range of agricultural and horticultural crops in temperate and humid habitats worldwide (Speiser and Kistler, 2002) . Economic damage caused by these molluscs is due to feeding and contamination with their bodies, feces or slime, leading to deterioration of the product quality, in addition to the financial loss (Iglesias et al., 2003) . The glassy clover snail, Monacha cartusiana (Müller) causes damage to vegetables and field crops (El-Deeb et al., 2003) .
Molluscicides of plant origin are natural products and are ecologically preferable than synthetic ones (Kumar et al., 2012) . Plant -derived products have been suggested as alternatives for pest control. Particularly, monoterpenoids have been recently used for the purpose of pest control as insecticides (Rice and Coats 1994) and molluscicides (Powell and Bowen 1996) . Thymol is a monoterpenoid plant substance obtained from the essential oil of Laminacea species. It is a part of naturally occurring class of compounds known as biocides. It acts as a bactericide, fungicide and has antimicrobial activity because of its phenolic structure (Wicht et al., 2004) .
Therefore, this study was carried out to compare the effect of Thymol as active ingredient with certain pesticides on adult's mortality and egg hatchability of the glassy clover snail, Monacha cartusiana under laboratory and field conditions.
MATERIALS AND METHODS

Experimental snails:
Adults of the land snail Monacha cartusiana were handily collected from infested fields at Al Khayariyah village, Mansoura district, Dakahlia Governorate. The obtained snails were transferred to the laboratory and then kept in plastic containers filled with moist sterilized sandy loamy soil at 25 C° ± 2 C° and 75 % ± 5 % soil moisture. Snails were fed on fresh leaves of lettuce (Lactuca sativa L.) for 14 days to be laboratory acclimatized. Dead and unhealthy snails were removed and only healthy ones were used in the experiments. 
Chemical structure of Methomyl Laboratory experiments:-1-Leaf-dipping technique:
Four concentrations of Thymol, Kafrothrin, Round up and Neomyl were used. For each concentration fresh lettuce leaves were dipped for one minute and left for dryness (Ghamry, 1994) . The treated leaves were placed inside plastic boxes filled with moist sterilized sandy loamy soil. Ten adult snails of M. cartusiana were placed into each box. Each box was covered with muslin cloth fixed with rubber bands to prevent snails from escaping. Each concentration had three replicates and untreated lettuce disks were used as a control treatment. Mortality percentage was recorded after 1, 3, 5 and 7 days post treatments.
2-Poisonous baits technique:
Three concentrations (1, 2 and 4%) were prepared for each compound. Baits were prepared by incorporating the appropriate amount of each compound and added 5 parts of sugar cane syrup then completed with wheat bran to give 100 parts from baits (El-Okda, 1981) . Control treatment was prepared using bran bait free from any compound. Five grams of each poison bait were spread into each box filled with moist sterilized sandy loamy soil. Ten adults of M. cartusiana snails were introduced and then tightly covered with muslin clothes netting and secured with rubber band to prevent snail from escaping. All tested compounds and control were replicated three times. The tested snails were examined daily, where the dead individuals were counted and removed.
Mortality percentage was recorded after 1, 3, 5, 7 days post treatment. Toxicity of the tested compounds: 1-Mortality percentages were corrected according to Abbott's formula (Abbott, 1925) . LC 50 values were determined using probit analysis statistical method of Finney (1971) . 2-Toxicity index of the tested compounds was determined according to Sun equation (Sun, 1950) as follows:
LC50 of the most effective compound Toxicity index (LC50) = LC50 of the least effective compound X 100
Effect of Thymol and three pesticides on incubation period and hatchability percentages of Monacha cartusiana:
Adult land snail, M. cartusiana was put in cultural box. The soil was examined daily to search new clutches of eggs. Newly deposited clutches were collected by a fine hair brush. The eggs were divided into batches of 20 eggs. Each batch of eggs (up to 24 h old) was placed in a culture dish containing 5 g of sterile moist soil. One ml of each compound solution (LC 50 ) was topically applied directly on egg batches. All tested compounds and control groups were replicated five times and distilled water were used as a control treatment. The eggs were examined daily for a period of one month to record the date of hatching and incubation period. Percentage of egg hatchability was calculated and recorded.
Field experiment:
The tested compounds were applied in a field cultivated with Egyptian clover highly infested with M. cartusiana at Al Khayariyah village, Mansoura district, Dakahlia Governorate. The tested compounds were applied as poisonous wheat bran baits at the concentration of 2% for each compound. The applied concentration was prepared by incorporation of the tested toxicant into bait formulation consisted of sugar cane syrup and wheat bran (2 parts toxicant + 5 parts of sugar cane syrup + 93 parts of wheat bran). Each treatment was replicated three times and the control treatment was designed by the same manner without any toxicant. Baits were offered on plastic pieces each one about 100 gm. Alive snail was recorded in check and treatment areas before application and after 1, 3, 7, 14 and 21 days until the end of the experiment. Reduction percentages of M. cartusiana were calculated according the formula of Henderson and Tilton (1955) as follow:
% Reduction = 100 [1 -t2 r1/t1r2] where: r1 = number of alive snails before treatment in untreated plots. r2 = number of alive snails after treatment in untreated plots. t1 = number of alive snails before treatment in treated plots. t2 = number of alive snails after treatment in treated plots.
RESULTS AND DISCUSSION
1-Comparison among the toxicity of Thymol and certain pesticides towards Monacha cartusiana adult snail using leaf dipping technique under laboratory conditions:
Data presented in Table ( 1) indicated that Neomyl caused high mortality percentage for M. cartusiana adult snails followed by Kafrothrin and Thymol then Round up. However, the toxicity of such compounds was increased with increasing the concentration. At higher concentration, the greatest percentage in adult's mortality was recorded one day post treatment.
As shown in Table ( 2) and Fig (1 
2-Comparison among toxicity of Thymol and certain pesticides towards Monacha cartusiana adult snail using poisonous baits technique under laboratory conditions:
Data presented in Table ( 3) indicated that Neomyl induced high mortality percentage of M. cartusiana adults followed by Thymol and Kafrothrin then Round up.
As presented in Table ( 4) and Fig (2 ) LC 50 and LC 90 values were 0.79, 1.78, 3.62 and 0.49 ppm and 5.09, 23.98, 24.48 and 2.08 ppm for Thymol, Kafrothrin, Round up and Neomyl respectively. It is clear that Neomyl belonging to carbamates was the most potent one followed by Thymol (monoterpenoids compound) or Kafrothrin (pyrethroid) then Round up (organophosphorous) against M. cartusiana adults using leaf dipping and poisonious baits techniques. However, poisonous baits technique showed better results than did leaf dipping technique. These results agreed with (Young and Wilkins, 1989 ) who reported that Carbamate molluscicides act as nerve toxins by inhibition of cholinesterase. Also, pyrethroids (Kafrothrin) act on tiny channels through which sodium is pumped to cause excitation of neurons. They prevent the sodium channels from closing, resulting in continual nerve impulse transmission, tremors, and eventually, death (Brown, 2006) . Also, these results are in agreement with those reported by Aioub et al., (2000) who revealed that carbamate compounds appeared to the most highly toxic while organophosphorous was the least toxic ants under laboratory conditions. Also, Genena and Mostafa (2008) found that deltamethrin (Kafrothrin) belonging to pyrethroid group showed high initial toxicity of 70.0% against M. cantiana after three days of exposure. However, methomyl belonging to carbamate group gave 100.0% mortality after seven and 12 days for M. cantiana. El-Zemity and Radwan (2001) showed that, the molluscicidal activity of major constituents of some essential oils including thymol and other monoterpenoids i.e. carveol, eugenol exhibited high molluscicidal activity against T. pisana and H. aspersa snails. Also, Beltagi, et al (2010) found that Thymol was the most promising compound, showing molluscicidal activity (LD 50 551.20µg/snail) against the brown garden snail, Eobania vermiculata using the topical application method. Godan (1983) mentioned that herbicides not only kill weeds but also molluscs either through the animal skin or by ingestion through the intestine. LC50 = Lethal concentration that kills 50% of exposed snails. LC90 = Lethal concentration that kills 90% of exposed snails. S.E. = Standard Error. R: Regression P: Probability
Fig. 2. Con/probit regression line of tested compounds on Monacha cartusiana snail.
Effect of Thymol and three pesticides on egg hatchability of Monacha cartusiana:
The hatchability of M. cartusiana eggs treated with Thymol, Kafrothrin, Round up and Neomyl is shown in Table ( 5) . Results showed that Neomyl (1.0) recorded the highest mean reduction in number of hatched eggs followed by Thymol (1.8) and Kafrothrin (3.0) then Round up (4.4) compared to control (18.0).
Similar trend was noticed with rate of hatchability with values of 0.06, 0.10, 0.17 and 0.24 for Neomyl, Thymol, Kafrothrin and Round up respectively. El-Massry (1997) found that all concentrations of the tested pesticides i.e methamidophos. malathion and chloropyrifos methyl significantly decreased the percentages of eggs hatchability of Helicella vestalis snails. Ferreira et al. (2011) found that Thymol had ovicidal activity (98%) against Subulina octona eggs. However, eggs treated with Thymol at 5 and 2.5 g/L did not hatch. Hence, Thymol could also be used to control the snails by inactivating their eggs, since these animals have a large reproductive capacity and some of the products in use manage to affect the snail, but not their eggs. Shoaib et al. (2009) found that LC 50 of Nimbecidine ® ( containing azadirachtin 0.03%) for the treated eggs was 2.18 ml/ L and eggs failed to hatch at concentration of 10 ml/L, which caused 100% mortality of eggs. From the previous results we can concluded that Neomyl was the most effective one on egg hatchability of M. cartusiana followed by Thymol and Kafrothrin then Round up which recorded the lowest effective one. 
Effect of Thymol and three pesticides on the incubation period of Monacha cartusiana eggs:
Results in Table (6) clearly indicated that incubation period M. cartusiana eggs treated with Thymol, Kafrothrin, Round up and Neomyl ranged between 21 and 26; 19 and 27 days; 19 and 25 days and 23 and 27 days respectively. Also, data proceeded that Neomyl was the most effective one on the incubation period of M. cartusiana eggs (25 days in average) followed by Thymol (23.5 days in average), Kafrothrin (23 days in average) and Round up (22 days in average) compared to control (20 days in average). 
Efficiency of Thymol comparing with three pesticides used as poisonous baits against the glassy clover snail Monacha cartusiana infesting Egyptian clover under field conditions:
Data presented in Table (7) showed the reduction percentage values of M. cartusiana snail exposed to Thymol, Kafrothrin, Round up and Neomyl using poisonous baits technique. Data showed that the percentages of snail's reduction after the first three days of treatment were 52.32, 45.13, 18.94 and 66.86 % for Thymol, Kafrothrin, Round up and Neomyl, respectively. The residual effects of these compounds were 59.31, 54.93, 15.45 and 78.35% reduction, consequently with averages of 55.82, 50.03, 17.20 and 72.61% reduction for Thymol, Kafrothrin, Round up and Neomyl, respectively. The most effective one was Neomyl followed by Thymol and Kafrothrin then Round up. The current data agreed with Ismail et al. (2005) who mentioned that methomyl (Neomyl) showed the highest residual effect against M. cartusiana snails under field conditions. Samy et al. (2015) reported that Neomyl was the most potent compound in reducing the population density of Monacha spp. in lettuce and cabbage fields. Ismail et al. (2015) reported that poisonous baits technique was more effective than spray technique in controlling M. cartusiana snail under field conditions 
